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The boilers are made small enough to produce sufficient steam, and this
size is determined by the difference of the internal temperature of the gases
in the furnace and the water in the boiler, and whatever diminishes this
difference would necessarily increase the size of the heating surface, i.e., the
weight of the engine.   The power which this difference of temperature
cannot be realised in the steam-engine, so that it is most usefully
employed in diminishing the necessary size of the boiler.    Still it is an
important fact to recognise that our present steam-engines require the
expenditure of more than five times as much of the power of the heat (not
of the heat) in getting the heat into the working substance as in performing
the actual operation.   This loss of power does not so much occur in the
of the metal which separates the furnace from the water as in the
of the gases.   Gas is a very bad conductor; and though a thin
adjacent to the plates is always considerably cooled, little further cooling
on until, by the internal currents, this layer is removed, and a fresh hot
substituted in its place.
Similar resistance would occur inside the boiler between the water and the hot plate, nay does occur, until the water begins to boil, but then the evaporation of the water takes place at the hot surface, and every particle of water boiled absorbs a great deal of heat, which leaves the surface in the form of bubbles, allowing fresh water to come up.
If we had air inside the boiler instead of water, we should require from five to ten times the surface to carry off the same heat, which is a sufficient reason why what are called hot-air engines cannot answer, even did not the same argument hold with enormously greater force in the condenser.
Steam is as bad a conductor of heat as air as long as it does not condense, but, in condensing, steam will conduct heat to a cold surface at an almost infinite rate, for as the steam comes up to the surface it is virtually annihilated, leaving room for fresh steam to follow, which it will do if necessary with the velocity of sound. If, however, there is the least incondensable air in the steam this will be left as a layer against the fresh steam. Some years ago I made some experiments on this subject, which showed that 5 or 10 per cent, of air in the steam would virtually prevent condensation.
If a flask be boiled till all the air is out, and nothing but pure steam is
left, and if the flask be then closed and a few drops of cold water introduced, the pressure instantly falls to zero, though it immediately recovers from the boiling of the water in the flask. If now a little air be admitted, and allowed to mix with the steam, the few drops of water produce
scarcely any effect.
The facility with which steam carries heat to a cold surface is both an